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FOREWORD 

This technical note presents the result of work performed by Northrop 
Services, Inc., Huntsville, Alabama, under Contract NAS8-21810 to the Systems 
Dynamics Laboratory of the Marshall Space Flight Center. This work was con- 
ducted in partial response to the requirements of Appendix B, Schedule Order 
B02Z (B-64) . Technical coordination was provided by Mr. David L. Bacchus of 
the Aerodynamics Analysis Branch, ED32. 
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Abstract 


An empirical formula for tlie steady-state drag 
coefficient of a 20 -degree conical ribbon para- 
chute Is developed. The derived expression takes 
Into account the effect of suspension line length 
and geometric porosity within the limits of prac- 
tical design. Also Included are factors which 
provide drag reduction due to skirt reefing and 
the wake behind a primary body. The calculated 
values are in agreement with the available experi- 
mental results. 

Nomenclature 


•“D 

Cdj 

Cd, 

D 

Db 

Do 

“P 

K 

q 

So 

X 


1 


g 


Drag coefficient 

Drag coefficient of a parachute with 
L 3 - Dg and \g - OX 

Free stream drag coefficient 
Drag force 
Forebody diameter 

Parachute nominal diameter (diameter of a 
circle with area equal to Sg) 

Parachute projected diameter 
Function of x and y 
Forebody interference factor 
Length of reefing line 
Length of suspension line 
Dynamic pressure 
Parachute reference area 

Trailing distance from forebody to canopy 
skirt 

Geometric porosity 


1. Introduction 


Numerous experiments have been conducted on 
different kinds of parachutes to investigate 
their performance characteristics. To date, it 
has not been generally possible to express the 
drag coefficient of a parachute in terms of its 
design parameters. One reason is that when a 
parachute was tested, it was generally designed 
for a particular mission and no attempt was made 
to study the variation of design parameters. 
Moreover, a general expression for the drag co- 
efficient of a parachute was difficult to obtain 
because tests usually used parachutes with dif- 
ferent design characteristics, for example, 
canopy loading, porosity, and flexibility, etc. 


ribbons, known as horizontals, are held at close 
Intervals by one or more verticals. The radials 
extend from the skirt to the vent and form the 
bounds of a gore (see Fig. 1) . The conical rib- 
bon canopy is similar to the flat circular ribbon 
canopy, with a few gores removed to give it a coni- 
cal profile. An Important characteristic of ribbon 
parachutes is their low opening shock and increased 
stability compared to solid parachutes. Heavy duty 
ribbon parachutes have been designed in the past for 
high speed deployment and for recovery of large loads. 

Aerodynamic characteristics of a conical rib- 
bon parachute depend upon its design parameters, 
for example, cone angle, geometric porosity, and 
suspension line length. These design parameters 
govern the shape of the inflated canopy and there- 
by Influence parachute performance. An estab- 
lished reference on parachute design is the Air 
Force Parachute Handbook, d) A designer often 
uses the values of the force coefficients given 
in the parachute handbook for preliminary design 
analyses. The handbook lists, for the drag co- 
efficient of a conical ribbon parachute, a 
range of 0.45 to 0.55 with an average value of 
0.50. Recent wind tunnel parametric tests of a 
20 -degree conical ribbon parachute have shown 
that for a given coniilnation of suspension line 
length and geometric porosity, the drag coeffi- 
cient may be in the range specified, but it may 
also be outside the range. For example, the drag 
coefficient of a 20 -degree conical ribbon para- 
chute with suspension line length ratio of 1. 75 
and geometric porosity of 16X is estimated to be 
0.672 as compared to an average value of 0.5 
given in the parachute handbook. It is thus de- 
sirable to improve the methods of predicting the 
drag coefficient to Include the effect of design 
parameters. 

The purpose of this report is to present the 
formulation of a mathematical expression for the 
steady-state drag coefficient of a 20 -degree 
conical ribbon parachute in subsonic flow. This 
expression takes into account the effect of the 
suspension line length, geometric porosity, reef- 
ing line lentgh, and the wake effects behind a 
primary body. The empirical relationship derived 
is for a particular porosity distribution used 
in the SRB drogue parachute models as Illustrated 
in Figure 1. This porosity distribution is char- 
acterized by equally spaced norlzontal ribbons. 
Variation in geometric porosity is achieved by 
varying the gap size, keeping the apex vent size 
constant. In contrast to this design, variable 
porosity conical ribbon parachutes have been 
designed for specific applications. 


In July 1974, parametric tests were conducted 
on a 20-degree conical ribbon parachute. This 
parachute configuration has been selected as the 
drogue parachute for the Space Shuttle Solid 
Rocket Booster recovery system. Based on the 
numerous wind tunnel and drop test data available 
on the 20 -degree conical ribbon parachute, it is 
desirable to develop relationships which will 
allow the prediction of performance over a range 
of configuration parameters. 


II. Mathematical Model 

Drag of a body in motion is defined as the 
component of aerodynamic forces in the direction 
of the relative wind. Steady-state refers to a 
state of uniform motion with no acceleration. In 
the case of a parachute canopy, the drag force is 
defined as, 

D - S ®0 *> 


The ribbon parachute consists of a large num- 
ber of concentrically placed ribbons. These 


where 

Cjj is the drag coefficient. 
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Fig. 1. Detail gore asaembllea of the SRB drogue parachute models 


S la the nominal area of the conical ribbon 
canopy which la equivalent to the total 
surface area that produces drag Including 
vent area and the area of openings not 
covered by ribbons. 

q la the dynamic pressure. 

In the case of a parachute being tested in the 
wind tunnel, steady-state refers to a state when 
the canopy, after having deployed, has completed 
the filling process and has attained a fixed shape 
based on Its geometry and design characteristics. 

Equation (1) provides drag force along the 
longitudinal axis of the parachute In steady- 
state. The drag coefficient, Cd, for a given 
parachute and flight condition Is expressible in 
terms of several design parameters. These param- 
eters are canopy geometric porosity, suspension 
line length, and the reefing line length. 

The following restrictions have been made 
which limit the validity of the empirical rela- 
tionship as to the size of the parameters and the 
parachute operating envelope. 

1. The data on 20-degree conical ribbon para- 

chutes is available for a limited range of 
canopy geometric porosity, thus the expres- 
sion for CD is considered in agreement for 
the range, 10% ^ 30% available for com- 

parison. This range is believed to be reason- 
able from the standpoint of practicality. 

The lower limit takes Into account the complex- 
ity of fabrication which Increases with a re- 
duction in geometric porosity. The upper 
limit establishes a maximum value for stand- 
ard parachute design. 

2. The shortest suspension line length consider^ 
ed is one nominal diameter. Tills is Justified 
from the standpoint of canopy performance. 
Reducing suspension line length below one nomi- 
nal diameter results in a considerable decrease 


in the projected diameter and thus, a loss of 
parachute efficiency as a drag producing sur- 
face. Mso, traditionally, the length of the 
lines on most canopies is about one nominal 
diameter. 

3. The aeroelastlc effects on the canopy are 
neglected. This is a reasonable approxima- 
tion if the dynamic pressure is comparatively 
small(3). Elasticity of the cloth changes the 
way the drag force varies with other design 
parameters. Thus, in any flight envelope 
where the dynamic pressure is high so that the 
Induced strains produce canopy shape changes, 
there will be an aeroelastlc effect. However, 
for the present study we are concerned with 
low steady-state dynamic pressures and the 
assumption seems reasonable. 

4. The minimum trailing distance considered is 
one nominal diameter. This follows from 
assumption (2) in which the minimum suspen- 
sion line length considered is one nominal 
diameter. 

In the present study the drag coefficient of a 
solid (zero geometric porosity) 20-degree conical 
ribbon parachute having a suspension line length 
equal to its nominal diameter is regarded as a 
basic drag coefficient. The effect of suspension 
line lengths greater than one nominal diameter, 
and geometric porosity is introduced by adding 
correction factors to the basic drag coefficient. 

The drag coefficient of a reefed canopy is obtain- 
ed by multiplying the drag coefficient of a full 
open canopy by the drag area ratio corresponding 
to a particular reefing line length. 

In the following equation the drag coefficient 
is expressed as a ftmction of the parachute de- 
sign parameters. 

■ t‘=°l ^ •'Xg • ^ (2) 
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Here, 


III. Correction Fectors 


Co,» 


steady state drag co.efficlent of a 20- 
degree conical ribbon parachute with 
L 


^ - 1.0 and 
o 


g 


OZ. 


: correction factor for the drag coef- 

g flclent of parachutes with geometric 
porosity, 

£(Xg) : a function of geometric porosity. 

fjj ! correction factor for the drag coef- 
s' o flclent of parachutes with line 
length ratio of more than one, 

f(L /D ): a function of suspension line 

• ° length. 

K_! ratio of the reefed drag area to the 
full open drag area based on the 

nominal area, that la, 




In practical applications the parachute Is de- 
polyed in the wake of a forebody, to decelerate 
or aid In the recovery of the forebody. The 
wake of a forebody affects the drag characteris- 
tics of a parachute. Effectively, the wake re- 
duces the efficiency of the drag producing sur- 
face. Equation (2) can be modified as follows to 
account for the presence of a forebody. 


* h 
1 8 


f(Xg) 


+ 'S./D • 


(3) 


where K Is the forebody interference factor and Kl 
Is the modified Kg In the presence of a forebody. 

Thus, to predict the drag coefficient of a 
parachute with known design parameters behind a 
forebody, we need to know the correction factors 
•^Lg/Dgi There correction factors 

can be determined analytically If the dependence 
of the drag coefficient on the selected design 
parameters is explicitly known. In the absence 
of such a relationship these factors must be 
determined empirically. In the following sec- 
tions an attempt has been made to evaluate the 
correction factors based on experimental test 
results and empirical considerations. Design 
parameters of various size 20-degree conical rib- 
bon parachutes considered in the evaluation of 
the mathematical formulation are listed In 
Table 1. 

Table 1. Twenty-degree conical ribbon para- 
chute design and environment data. 


ftrachut* 

C«oattrtc 

Porotlty, 

(t) 

NuBbtr 
of CorM 

Su»p«ntion 
Lin* Length 
(ft) 

D*ploy«*nc 

(»t) 


l.$ 

21.6 

24 

1.5 

1.56-3.12 

3.0 

10-40 

24 

3. 0-6.0 

35-73 

«.75 

U-24 

S4 

6.75-13 

20-50 

32.3 

23 

32 

23.75 

4150 

76.0 

16 

00 

•0 

127-200 


0 

- 

45-lit 

- 


Canopy Geometric Porosity 

Geometric porosity Is a design parameter which 
Influences drag, stability, filling time, and 
opening shock of a particular canopy. Optimum 
porosity Is generally a trade-off between a higher 
drag efficiency for low geometric porosity chutes 
and low opening shocks, and Increased chute sta- 
bility for high geometric porosity chutes. 

Solid conical ribbon parachutes with vari- 
ous cone angles have been tested In the past and 
their drag coefficients are reproduced In Figure 
2. Wind tunnel experiments have shown that the 
steady-state drag coefficient of a 20-degree 
conical ribbon parachute Is strongly Influenced 
by Its geometric porosity. Figure 3^3) illus- 
trates the variation of the free stream drag 
coefficient with geometric porosity. It Is evi- 
dent from the figure that for a given suspension 
line length the drag coefficient decreases with 
Increasing porosity. Also, for different line 
lengths the slope of Cp vs Xg curves in the lb- 
24 percent range Is approximately the same. 

Using Figures 2 and 3, the drag coefficient of 

a canopy with L /D - 1.0 can be expressed as, 
s o 

C„ - .874 - 2.29 X. + 1.953 (X (4) 

D g 8 

Comparing equation (4) with (2) we get, 

Cjj ■ .874 and (5) 

K. . f(X ) is a quadratic function of X . It can 

8 • * 
be expressed as. 


Kxg • £(\) - K‘X^ + K"(Xg) 


where 


-2.29 


and 


K" - 1.953 . 


( 6 ) 

(7) 

( 8 ) 



Fig. 2. Effect of cone angle on canopy 
drag coefficient. (Ref. 4) 

Suspension Line Length 

The suspension line length Is another design 
parameter which greatly Influences the weight 
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Fig, 3. Effect of geometric porosity on 
canopy drag coefficient. (Ref. 5) 


K. • f(A ) - -2.29 A + 1.953 (A ) . 

g » « * 

Also la a quadratic function of L^/D^. It 

s o 

can be expressed as, 

•S. /D • ^ 

8 0 0 O O 

( 11 ) 

where and are both functions of geometric 
porosity. From equations (10) and (11), 


K, - 0.055 + 1.145 A 

3 g 


and 


K. - 0.012 - 0.775 A 
4 g 


( 12 ) 


(13) 


Thus, 


•s, /D • + 1-1*5 V - 1> 


+ (0.012 - 0.775 A.) (^ - 1) . 


» 'D„ 


( 1 «) 


and the drag of the parachute. An optimum design 
is usually a trade-off between the drag effi- 
ciency (longer suspension lines) and the weight 
(smaller suspension lines, capable of being 
stowed In the volume available). Also, Increas- 
ing the length of the suspension lines is used 
as a method to improve canopy stability. 

Presented on Figure 4 are typical data trends 
that show the free stream drag coefficient In- 
crease with an Increase in suspension line length. 
The two curves, representing geometric porosities 
of 16 percent and 24 percent, are essentially 
parallel except at the lower end of suspension 
line length near Ls/Dq “ 1.0. This characteris- 
tic provides a method of coni>lnlng the two curves 
in an average manner; however, /d becomes de- 
pendent on both the geometric poro8l?y and the 
suspension line length, that Is: 

•S. /D “ ^('g- ^s'®o> • <5) 

SO 

Combining the two curves In Figure 4 In conjunction 
with equation (4) we get, 

C„ - 0.874 - 2.29A + 1,953(A_)^ 

D g 8 

L 

+ (0.055 + 1.145 A ) ( ^ - 1) (10) 

8 "n 



Fig. 4. Effect of suspension line length 
on drag coefficient. 


Reefing Line Length 


I, 2 

+ (0.012 - 0.775 A ) ( - 1) 

« “o 

Comparing equation (10) with (2) we get, 
C_ - 0.874 


A parachute Is reefed to control Its drag area. 
Thus to obtain drag force at a predetermined 
value. It Is desired to determine the reefing 
line length. It is conventional to express drag 
area ratio Kg, chat Is (CDS)g/(C|]S)„ as a function 
of the reefing ratio (D^/D^) as follows, 

•Si ■ ■Si (^5) 

o 
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provides a tabulation of the drag 
coefficients of a 20-degree conical ribbon para- 
chute for different reefing ratios. This para- 
chute had a geometric porosity, > 21. and 
the line length, Ls/Dq ■■ 1.0. The drag area 
ratios of this parachute have been plotted 
against the reefing ratio In Figure 5. The drag 
area ratios of a 22.2-foot constructed diameter 
parachute(^) and a 76-foot constructed diameter 
parachute^®^ are presented In Figure 5. These 
parachutes had an Lg/Dg ratio of approximately 
one, and geometric porosities of 23% and 16% re- 
spectively. Also plotted In this figure Is a 
range of drag area ratios of 20-degrees conical 
ribbon model parachutes with geometric porosities 
from 10 to 30 percent(9) and the line length ratio 
equal to one. It Is Inferred that even though 
this range covers a wide range of geometric 
porosity. In magnitude the variation can be con- 
sidered as scatter In the data. It seems reason- 
able to use a mean value of Kg and regard Kg as 
independent of geometric porosity. Therefore, 

Dr 

- 1.735(5^) 

or 

s - ■ 


- .11 

.11 (W> 



RECFING RATIO. 


Fig. 5. Effect of reefing ratio on drag 
coefficient. 


It Is also evident from Figure 5 that the skirt 
diameter for a full open parachute Is approxi- 
mately 

( 17 ) 


(18) 


A full open canopy corresponds to Lg/Oo ' 2.011 and 
the correction factor Kg ■ 1,0. Equation (16) can 
be used to determine the reefing line length pro- 
viding X percent of the full open drag area. 



o 

or 

- 2.011 

o 


X - . 55 ( 5 ^) - .11 

o 


- (X + .11) oy.SS 


( 19 ) 


Reefing line length, Lg, Is the circumference of 
the canopy at the skirt. The total length of the 
reefing line would be Lg plus an additional 
length needed for splicing. 


Forebody Interference Factor, K 


The drag coefficient of a parachute deployed 
In the wake of a forebody is less than the free 
stream drag coefficient of the parachute. This 
reduction In drag coefficient Is a function of 
the trailing distance of the parachute, the 
ratio of the parachute diameter to the forebody 
diameter, and the local flow conditions. The 
drag loss of hollow hemispheres In the presence 
of a forebody has been studied by Helnrich(iO) . 
The data from Reference 10 reproduced as Figure 
6 Is used to determine the forebody Interference 
factor. It Is noted from Figure 6 that for a 
trailing distance of up to 5 nominal diameters 
a mean curve would be within +2% error for a 
forebody size, Dp/Dg “ 2 to 3. From this curve 
the interference factor K for Lg/Dg - 1.0 and 
Xg - 0 is, 2 

K - 0.854 + .044(|-) - .004 (|-) , 

o ”0 




Fig, 6. Parachute drag loss as a function 
of trailing distance and forebody 
diameter. (Ref. 10) 
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The Interference factor K Is also a function of the 
suspension line length and the geometric porosity, 
that is, 

L 

K - f(A X ) (21) 

“o « 

Figure 7 shows variation of the Interference factor 
with suspension line length at a constant trailing 
distance. The curves have been extrapolated to 
L L 

- 1 , and K is replotted for ^ « 1 as a function 
*^o o 

of geometric porosity in Figure 8. This curve 
gives the variation of K with Xg. Combining K from 
Figures 6, 7, and 8 we get, 

2 

K - 0.85A + .044 <§-) ” -OOA (|-) 

o o 


L 2 

+ .Kp®- - 1) + .422 - 3.7 (A^)“ 



Fig. 7. Effect of suspension line length 
on forebody interference factor. 


The Interference factor K is estimated for a 
special case in which the forebody centerline is 
in line with the longitudinal axis of the para- 
chute. It may not be applicable for angles of 
attack. 



Fig. 8. Effect of geometric porosity on 
forebody Interference factor 



Modified K In The Presence of Forebody - K' 
K K 


Wind tunnel results show that the correction 
factor Kg which Is otlierwlse independent of the 
suspension line length, 1.^, and tliu geometric por- 
osity, Vg, becomes dependent on these two param- 
eters In the presence of a forebody. Thus Kg 
should be modified to include wake effects. 

Figures 9 and 10 are plots of Kg, showing the 


Fig, 9. Effect of suspension line length 

on K in forebody wake. 

R 

variation with Lg/Dp and Xg respectively, in the 
presence of a forebody. The curves were extrapo- 
lated to the basic suspension line length ratio 
of one to determine the variation of Kft with 
Lg/Dp. Since the curves for different geometric 
porosities were essentially parallel, the 
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Fig. 10. Effect of geometric porosity on 
iC In forebody wake. 


variation with geometric porosity was determined 
using the extrapolated results for Lg/Dg - 1.0. 
These two plots have been combined to yield a 
modified drag area ratio for the reefed chute. 

+ 0.36 (^) - 0.16 

° ° (23 

+ 0.75 X - 0.425 

g 

It should be noted that the above expression for 
is valid only in the presence of a forebody. 
For a reefed canopy in free stream, « K{^, and 
for a full open canopy in the forebody wake 
Kfc - 1. 


IV. Drag Coefficient of 20-Degree Conical 
Ribbon Parachute 


Free Stream Conditions 


Combining expressions for C^j^, and 

the estimated drag coefficient of a full open 20- 
degree conical ribbon chute becomes, 

C„ - 0.874 - 2.29 X + 1.953 (X 
D, g g 

L 

+ (0.055 + 1.145 X ) 1) (24) 

8 \ 

^ 2 

+ (0.012 - 0.775 X ) (^ - 1) 

8 “o 


Reefed canopy drag coefficient estimates are ob- 
tained by multiplying equation (24) by the reefed 
factor K|{. The drag area ratio. Kg, Is expressed 
as a function of reefing ratio as. 


or 


- 1.735 (^) - .11 

o 

K 

- 0.55(gS) _ .11 . 


(25) 


Forebody Interference Effects 


The drag coefficient of a 20-degree conical 
ribbon parachute behind a forebody Is given by 
equation (24) multiplied by a factor K, that la, 

C„ - (0.874 - 2.29 X + 1.953(X )^ 

D ‘ g ' g 

L 

+ (0.055 + 1.145 X ) (;;^ - 1) (26) 

* °o 

L 2 

+ (0.012 - 0.775 X ) (5^-1) J K 
where 2 

K - 0.854 + .044 (|-) - .004 (^) . (27) 

o o 

The drag coefficient of a reefed canopy behind a 
forebody Is given by equation (26) multiplied by 
the drag area ratio K^. 

tdiere 2 

k;.K^.0.36(^)-0.16(^) 

+ 0.75 X - 0.425 
g 

V. Scaling Effects 


The change in parachute drag coefficient due 
solely to a change in parachute size Is the scal- 
ing effect. It is difficult to assess this change 
because there are many variables which change with 
size, and exact geometric scaling is not always 
possible. For example, in some cases it is not 
practical to construct a small model with the 
san^ nufiber of gores as in the full scale, or 
with even the same number of horizontals and 
verticals. Also, the material selected for model 
fabrication may not permit the same flexibility 
as in full scale. A study(H) was conducted to 
develop some mathematical relationships to give 
scaling effects. However, experimental data used 
in the study came from various test programs 
using parachutes with different design parameters. 
This prevented determination of the change in 
parachute performance due to change in size alone. 

Figure 11 presents a plot of the variation of 
drag coefficient for a 20-degree conical ribbon 
parachute with parachute size (its nominal dia- 
meter). Tlie data for various size parachutes 
considered in this report has been converted to 
a case of h^/Uo 1.0 and two geometric porosities 
of 16 and 24 percent using the mathematical model 
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NOMINAL DIAMETER, O, 

Fig. 11. Parachute acallng effect. 


developed In this report. It Is evident from the 
figure that the drag coefficient Is essentially 
constant over the range of parachute sizes plotted. 
It Is appropriate to mention that for small model 
parachutes(6,9) the empirical formula does not 
yield accurate results. This may be due In part 
to model flexibility and geometric non- similarity 
In model fabrication. The effect of these param- 
eters has not been ascertained at the present 
time. 


VI. Discussion 

Equations (24) and (26) express the drag co- 
efficient of a 20-degree conical ribbon parachute 
In free stream and In the forebody wake respec- 
tively. Figure 12 presents the computer program 
used to predict the drag coefficient of a 20- 
degree conical ribbon parachute for a given set 
of design parameters. Using this computer 
program, the drag coefficients of several para- 
chute designs In free stream and in the lorebody 
wake are tabulated In T.nbels 2 and 3 respectively 
Tltese values are plotted against the experimental 
values in Figures 4, 7, 9, and 10. 

The developed math model can predict the drag 
coefficient of a 20-degree conical ribbon para- 
chute with a given suspension line length and 
geometric porosity within one percent of the 
available experimental and drop test data (see 
Figure 4) . 

The calculated reefed and full open drag co- 
efficients of a 20-degree conical ribbon para- 
chute behind a forebody agree within 6-percent 
of the available data (see Figures 7, 9, and 10). 

The derived mathematical expression can pre- 
dict the drag coefficient of a 20-degree conical 
ribbon parachute for a wide range of the para- 
chute size (6.75 ft Dg to 78.3 ft Do). However, 
the empirical formulation does not predict the 
drag coefficients for chute sizes less than 6.75 
ft Do accurately. This may be due In part to 
model flexibility and geometric nonsimilarity In 
model fabrication. 
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17 WRITF( 10.10) 

18 FORMAT(lHl) 

1 WRITF( lO,? ) 

7 . FORViAK///) 

PFAD(IM»3) lA.IR 
3 PORMAKAOA?) 

WR1TF(I0»6) I A. IB 
6 FOR^'AT(SX.AOA7.//.40A2./) 

A RFAD( IM.8)XLO,XLS.XLR.XLT»X08.IFLG.IFB«IFR 
5 F0R''’AT(5Ffi, 0.315) 

XTFV=XLS-1.0 
IF( IFP)16, 30.16 
16 XK9=1.0 
r,C TO 19 

30 XKR=0.55*XLR-0. 11 
19 IF( IPR)?6.?0,?6 
?n xK=i,o 

7b IF( IFR)23.?7.23 
IF( IFR)60.?3.50 

50 XKR=X<R+n, 36*XLS-(n, 16*XLS*XLS )+0. 75*XLG-0.A25 
23 IF( IFR)?a.27.?A 

24 X< = 0. rsA + n,044*XLT-0,004# (XLT*XLT ) +0 , 1 *XTFN'+ { 0 . 422-3 . 7*XLG ) »XLG 
27 CD= ( 0.874+ {-2. 290+1, 953*XLG)»XLG+( 0.055+1. 1450*XLG) *XTFM-(-.01 2 
* + 0 .775*XLG )»(XTF''^«XTR^^) ) »XXR«X< 

I>=^nRR )32.34.32 

32 WRITP( lO.l n)XLS.XLT.XLG.XLR.XX.CO 
SO TO 11 

34 '■/RITFI IO,10)Xl S.XLT.XLG.XLR.XKR.CD 

10 F09vaT(5X.5F]0.3«F10.4) 

11 IF( IPLO) 1.4.25 

25 IF( IFLO-I ) 17.17.1? 

12 CA-l EXIT 

FNO 


Fig. 12. Computer Program of the Math Model 


9 


NORTHROP SERVICES, INC. 


TN-1523 


Table 2. Free Stream Drag Coefficients 


FULL 

OPFN ♦ 

FREE STREAM 

DRAG 

COEFFICIENTS 

LS/00 

X/DO 

LG 

LR/DO 

K 

CD 

l.non 

2.000 

0.160 

2.011 

1.000 

0.5575 

1.500 

2.000 

0. 160 

2.011 

1.000 

0.6406 

1.750 

2.000 

0.160 

2.011 

1.000 

0.6732 

2.000 

2.000 

0. 160 

2.011 

1.000 

0.6837 

1.000 

2.000 

0.2A0 

2.011 

1.000 

0.4368 

1.5 00 

2.000 

0.240 

2.011 

1.000 

0.5502 

1.750 

2.000 

0.240 

2.011 

1.000 

0.5863 

2.000 

2.000 

0.240 

2.011 

1.000 

0.5926 


REEFED FREE 

STREAM 

DRAG COEFFICIENTS 


LS/DO 

X/DO 

LG 

LR/DO 

KR 

CD 

1.000 

2.000 

0.160 

1.728 

0.840 

0.4686 

1.500 

2.000 

0.160 

1.728 

0.840 

0.5451 

1.750 

2.000 

0. 160 

1.728 

0.840 

0.5657 

2.000 

2.000 

0. 160 

1.728 

0.840 

0.5746 

1.000 

2.000 

0.240 

1.728 

0.840 

0.3671 

1.500 

2.000 

0.240 

1.728 

0.840 

0.4691 

1.750 

2.000 

0.240 

1.728 

0.840 

0.4927 

2.000 

2.000 

0.240 

1.728 

0.840 

0.4980 



reeffd free 

STREAM 

DRAG COEFF 

icients 


LS/DO 

X/DO 

LG 

LR/DO 

KR 

CD 

1.000 

2.000 

0.160 

1.556 

0.745 

0.4158 

1.500 

2.000 

0.160 

1.556 

0.745 

0.4837 

1.750 

2.000 

0.160 

1.556 

0.745 

0.5021 

2.000 

2.000 

0.160 

1.556 

0.745 

0.5099 

1.000 

2.000 

0.240 

1.556 

0.745 

0.3258 

1.500 

2.000 

0.240 

1.556 

0.745 

0.4163 

1.750 

2.000 

0.240 

1.556 

0.745 

0.4373 

2.000 

2.000 

0.240 

1.556 

0.745 

0.4420 
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Table 3. Drag Coefficients in Forebody Wake 
FULL OPFM DRAG COEFFICIENTS IN A FOREBODY WAKE 


LS/^D 

X/DO 

LG 

LR/DO 

< 

CD 

i.non 

2.000 

0. 160 

2.011 

0,898 

0,5011 

1.500 

2.000 

0.160 

2.011 

0,948 

0.6154 

1.750 

2.000 

0.160 

2.011 

0.973 

0.6556 

2.000 

2.000 

0.160 

2.011 

0,998 

0.6829 

1.000 

2.000 

0,240 

2.011 

0.814 

0.3557 

1.500 

2.000 

0.240 

2.011 

0.864 

0.4824 

1.750 

2.000 

0.240 

2.011 

0.889 

0.5213 

2,000 

2.000 

0,240 

2.01 1 

0.914 

0.5418 


reefed drag coefficients in a FOREBODY WAKE 


LS/DO 

X/DO 

LG 

LR/DO 

KR 

CD 

1,000 

2,000 

0,160 

1.728 

0.735 

0,3685 

1,500 

2.000 

0.160 

1.728 

0.715 

0.4403 

1.750 

2.000 

0, 160 

1.728 

0.675 

0,4427 

2,000 

2.000 

0.160 

1.728 

0,615 

0,4203 

1.000 

2.000 

0,240 

1.728 

0.795 

0,2829 

1.500 

2.000 

0,240 

1.728 

0.775 

0,3740 

1.750 

2.000 

0.240 

1.728 

0.735 

0.3834 

2.000 

2.000 

0.240 

1.728 

0.675 

0.3659 


RFFFEO drag coefficients in a FOREBODY WAKE 


L5/r>0 

X/DO 

LG 

LR/DO 

KR 

CD 

1,000 

2.000 

0.160 

1.556 

0,640 

0.3211 

1 ,500 

2,000 

0,160 

1.556 

0.620 

0.3820 

l.'i'50 

2.000 

0.160 

1.556 

0.5 50 

0,3807 

2,000 

2.000 

0.160 

1.556 

0.520 

0.3556 

1,000 

2.000 

0.240 

1.556 

0.700 

0,2492 

1,5 00 

2.000 

0.240 

1.556 

0.6 80 

0.3284 

1.750 

2.000 

0.240 

1.556 

0.640 

0.3340 

2,000 

2.000 

0.240 

1.556 

0.5 80 

0,3146 
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